Marek's disease virus serotype 1 (MDV-1) strains cause malignant lymphoma in chickens.
Marek's disease (MD) is a lymphoproliferative disease of chickens caused by a cell-associated alphaherpesvirus, Marek's disease virus (MDV; family Herpesviridae, subfamily Alphaherpesvirinae, genus Mardivirus, species Gallid Herpesvirus 2 (GaHV-2)) (Calnek and Witter, 1997) . Of the previously described serotypes of MDV, now classified as GaHV-2 or MDV serotype 1 (MDV-1), GaHV-3 or MDV-2, and Meleagrid herpesvirus 1 or MDV-3 (herpesvirus of turkeys); MD is caused by MDV-1 strains (exclusive of attenuated vaccine strains) (Calnek and Witter, 1997) . Currently, MD is well controlled by the administration of live vaccines (Witter, 1997) . However, MDV-1 tends to increase in virulence, and several MD cases in vaccinated chickens have been reported, suggesting that highly virulent MDV-1 could potentially induce future outbreaks (Witter, 1997) .
Virological or serological evidence of MDV-1 infection has been reported in several genera of the order Galliformes; of which the most important natural host is the domestic chicken (Calnek and Witter, 1997) . However, in 2001, an MD case was reported in a white-fronted goose (Anser albifrons) that had migrated from Russia to Hokkaido, Japan (Murata et al., 2007b) . Subsequently, we investigated the prevalence of MDV-1 in wild waterfowl and ascertained that it was widespread in white-fronted geese (Murata et al., 2007b) . Wild waterfowl usually flock together and migrate between breeding habitats and warm areas; thus they could play a significant role as reservoirs and carriers of MDV-1 to domestic poultry. Although MDV-1 is widespread in geese, clinical MD cases, except for that detected in 2001, have not been reported. This suggests that wild geese may be resistant to MD. This may be the same situation in other wild birds, i.e. MDV-1 may be prevalent but the infected birds may be asymptomatic.
We investigated the prevalence of MDV-1 in wild birds by using nested PCR to screen for the meq gene in DNA samples extracted from feather tips. The meq gene is only detected in MDV-1 strains, and the length of the gene is 1 020 bp (Jones et al., 1992) ; however, in some low-virulent strains a 180-bp sequence is inserted in the meq open reading frame, termed L-meq (Chang et al., 2002; Shamblin et al., 2004) . The meq gene, but not the L-meq gene, could be detected by nested PCR using feather-tip samples, even in chickens co-infected with high-and low-virulent strains (Murata et al., 2007a) ; therefore, strains carrying the L-meq gene could be distinguished from strains carrying the meq gene by this method. In this study, feather tip samples were collected from 309 wild geese and ducks, captured, in Hokkaido, by using ring nets and flat net traps with permission from the Ministry of Environment, Japan and from 40 other wild birds found dead in the Hokkaido region. These samples were analyzed as described previously (Murata et al., 2007a) . We captured the wild geese and ducks harmlessly. The wild birds were birds. In DNA samples extracted from feather tips, the meq gene was detected in a high percentage of geese and ducks, whereas all other birds tested negative (Tables 1, 2) . Because of the limited number of non-waterfowl species investigated, in these species DNA samples extracted from internal organs were also examined. The meq gene was not detected in these samples either (Table 2 ). These results suggest that MDV-1 is widespread in wild waterfowl but not in other birds. MDV-1 was isolated from both migratory and sedentary waterfowl suggesting that transmission of MDV-1 from waterfowl to domestic poultry can occur throughout the year.
Currently, pathogenic MDV-1 strains have been classified as mild (mMDV-1), virulent (vMDV-1), very virulent (vvMDV-1), and very virulent+ (vv+MDV-1), based on their ability to breach vaccine-induced immunity (Witter, 1997) . Several factors that could contribute to increased virulence of MDV-1 strains have been identified (Shamblin et al., 2004) . Of these, the most important finding was the distinct diversity and point mutations in the meq gene product, Meq. Meq, which is a putative oncoprotein of MDV-1 (Jones et al., 1992) , is a 339-amino-acid protein with an N-terminal basic region-leucine zipper (bZIP) domain and a C-terminal transactivation domain (Liu and Kung, 2000) . The bZIP domain consists of 2 stretches of basic residues (BR) and a leucine zipper, which resembles the Jun/Fos family of oncoproteins (Liu and Kung, 2000) . The transactivation domain is characterized by two and a half proline-rich repeats (PRR), which display the transrepression effect (Liu and Kung, 2000) . Meq contributes to oncogenicity by altering the expression of various cellular genes (Levy et al., 2005) . Therefore, changes in the structure of the Meq protein, such as amino acid substitutions in the BR and PRR, may alter transactivation activity, indicating that diversity in Meq may alter its function and subsequently contribute to oncogenicity (unpublished data). Consequently, we established the amino acid sequences in the Meq proteins of the detected meq genes.
As summarized in Table 3 , distinct diversity was found in the BR of the waterfowl samples. Amino acid substitution at 77 in the BR has been identified in most of the virulent MDV-1 strains (vvMDV-1 and vv+MDV-1: lysine, vMDV-1 and mMDV-1: alanine/glutamic acid) (Shamblin et al., 2004) . In samples of mallards, pintails, and spot-billed ducks, the amino acid residue at 77 was lysine, suggesting that highly virulent MDV-1 strains may be prevalent in wild ducks in Japan. However, no diversity was found in the PRR and the retinoblastoma binding domain (LXCXE). As other factors besides Meq are associated with MDV-1 pathogenicity (Osterrieder et al., 2006) , experimental infection studies are required to establish whether the MDV-1 strains we isolated were virulent.
In conclusion, we investigated MDV-1 prevalence in wild birds and demonstrated that MDV-1 is widespread in both migratory and sedentary waterfowl. To control field outbreaks of MD in the future, periodic monitoring of MDV-1 in wild waterfowl is advisable.
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